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NOTE BY THE RESPONSIBLE EDITOR 
P. I. SMIRNOV 
This monograph constitutes a practical intepretation, analysis and uti- 
lization of cloud and radiation observations from Earth's meteorological satel- 
lites. 
the principal factors weather is dependent upon : cloudiness, fronts, tropical 
and extratropical cyclones, ice fields and others. Synoptic, aerological and 
satellite data are discussed. 
tasks are accompanied by the required explanatory texts and illustrations. 
It can be used by students of physical faculties of universities and also by 
those of hydrometeorological and other technical institutes. 
Special attention is given to practical tasks relative to analysis of 
The book is well illustrated. The practical 
The book is designed for geophysicists and other researchers dealing with 
the upper atmosphere and outer space, and also for practicing workers in hydro- 
meteoroloLgy using satellite data. 
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TRANSLATION OF FIGURE CAPTIONS 
OF PHOTOGRAPHS 
OBTAINED WITH THE AID OF METEOROLOGICAL SATELLITES 
Photo 1.1. 
a television camera of the automatic system of data transmission. 
12 September 1964. 
Photographs of cloudiness distribution obtained with the aid of 
NIMBUS-1, 
Photo 2.1. Photograph of cloudiness distribution obtained from Tiros-I11 on 
20 July 1961, at 1444 hours GMT. 
Photo 2.2. 
15 July 1961 at 1052 hours GMT. 
Photograph of cloudiness distribution obtained from Tiros-I11 on 
Photo 2.3. 
1 5  .July 1961 at 1057 hours (34". 
Photograph of cloudiness distribution obtained from Tiros-TI1 on 
Photo 2.4. Same at 1059 hours GMT. 
Photo 2.5. Infrared Picture of Cloudiness obtained from AES NIMBUS-1 on 
6 September 1964. 
Photo 2.6. 
resolution, obtained from the altitude range 450 - 700 km. 
Survey band scanned byNI?Q3US-lradiorneter (channel 2) with high 
Photo 2.7. Television Photograph of Southeast Africa obtained from NIMBUS-1 
?channel 2) from 550 km altitude. 
Photo 2.8. 
n r o u g h t  out in the Figure is the scale for transition from brightness 
characteristics to the temperature of the radiating surface). 
Infrared photograph of cloudiness produced at 1050 hours on 15'Sep. 
Photo 2.9. Television photographs of cloudiness at 2143 hours on 15 Sep.1964. 
Photo 2.10. Infrared photograph of cloudiness taken at 0944 hours on 16 Sept. 
1964 ( the scale is reproduced in the figure for transition from brightness 
characteristics to the temperature of radiating surface). 
Photo 2.11. Television photographs of cloudiness at 2042 hours on 16 Sept.1964. 
Photo 2.12. Television photographs of cloudiness for 20 h. 42 m. 16 Sept.1964. 
Photo 2.13. Same for 21 h.29 m. on 20 Sept.1964. 
4. 
~hoto 2.14. Infrared photograph of cloudiness taken at 095.3 hours on 21 Sept. 
1964. 
Photo 2.15. Infrared photograph of cloudiness produced at 1114 hours on 21 
September 1964. 
Photo 3.1. Photograph from TIROS-VI1 €or 05 hours 25.5 min on 5 August 1963 
with raised coastline and plotted terrestrial guidelines. 
T is the inclination angle of the image (23.8') ; A is the azimuth 
(117.0'); 
A S ~ P  are the latitude and longitude of the subsatellite point (36.0' 
N. at., 132.7' W.long.). 
H is the height of the satellite (627 km); +ssp and 
Photo 3.2. 
Photo 3.3. 
Same photograph with plotted geographical net. 
Photo from the satellite for 5 August 1963 with superimposed coor- 
dinate network, during the calculation of which the error at time 
of photographing was introduced. 
Real photographing time 05 hours 25.5 min, H = 627 k m , ~  = 23.8', 
$ssp = 36.0° N.lat. 
computation 0.5 h.25.75 min., H = 627 km, T = 23.8', A = 117.0", 
@ssp =36.9' N.lat., Xssp =133.4' W.long. 
A = 117.0°,~ssp = 132.7' W.long. Time used at 
Photo 3.4. Photograph from the satellite on 5 August 1964 with the superim- 
posed coordinate network 
for the angle of inclination was introduced. 
during the calculation of which the error 
~~~~l = 23.8",~~~~~=18.8', the remaining parameters being same as 
i n  Fig.3.1 
Photo 3.5. Photograph from the satellite for 5 August 1963 with the superim- 
posed coordinate net, into which the error was introduced for the 
main line azimuth. 
Areal =117.0°, 
Fig. 3.1. 
borr =127.0"; the remaining parameters same as in 
Photo 3.6. Photograph from the satellite for 5 August 1963 with the superimposed 
coordinate net, during the calculation of which the error in the SSP 
point was introduced. 
Photo 4.1. Cirrus Clouds (Ci) . 
a) in the form of waves; B) in the form of bands (to the left are 
stratus clouds) , c) Cumulo-nimbus anvils (Cb) . 
Photo 4.2. Cirro-stratus clouds (Cs) . 
a) against a background of relief, b) against the background formed 
by lower stratus clouds. 
5. 
Photo 4.4. Alto-stratus clouds (As). 
Photo 4.5. Strato-cumulus clouds (Sc) . a) "intramass", b) behind cold front. 
Photo 4.6. Stratus clouds (St). a) in the form of filaments, b) St or dust. 
Photo 4.7. Nimbo-stratus (Ns) 
Photo 4.8. Good weather-cumulus clouds (Cu hum.) and powerful cumulus clouds 
(Cu cong . ) . 
Photo 4.9. Cumulo-nimbus cloud ((3) and agglomeration of tinier cloud elements. 
Photo 4.10. Photographs obtained with the aid of camera 1 (the numerals in cir-s 
cles corresponds to those in columns of Fig.4.6). 
Photo 4.11. Photographs obtained with the aid of camera 2 (numerals correspond- 
ing to those of columns of Fig.4.7). 
Photo 4.12. Cumuliform clouds with continuous honeycomb structure. 
a) Cu and Sc uniformly distributed over the area (Tiras-IV, 2100 h. 
on 5 June 1962); b) chaotically scattered Cu and Sb (Tiros-V at 
1800 hours on 19 August 1962). 
Photo 4.13. Cumuliform clouds in form of tubular cells. 
a) regular tubular cells at light wind (Tiros-V, 1500 h. on 7 Octo- 
ber 1962); b) polygonal tubular (or hollow) cells, at strong wind 
and with a shape of elliptical chains. 
Photo 4.14. Cumuliform clouds with crescent shape. 
Photo 4.15. Worm-like striped cumuliform clouds (Nimbus-1, orbit 3818, cadre 2, 
at 0222 hours on 21 September 1964). 
Photo 4.16. Noncumulus striped fibrous clouds. 
Photo 4.17. Spiral type of clouds, or cloud vortex 
a) in a middle-latitude cyclone; b) in a developed tropical 
cyclone. 
Photo 4.15. Cloud masses in the form of a coma (a) and crescent (b) . 
Photo 4.19. Basic cloud bands. a) cold front-large scale band; b) bands of 
various scales. 
I'hoto 4.20. Region of convective clouds of various dimensions and vertical 
thickness. 
Photo 4.21. Ih i form "intramass" type of clouds 
a )  cellular convective clouds, b) series of convective clouds. 
of micro and mesoscale. 
6.  
Photo 4 . 2 2 .  
Photo 4.23. 
Comb-shaped clouds abow the  Nevada mountain range. 
Lenticular clouds i n  the Cal i forn ia  region. 
Photo 4 . 2 4 .  Fibrous cloud with the  shape of a prune. -
Photo 4.25. So l i t a ry  l i n e s  of clouds above Is land ,  
Photo 4.26. Photographs by Tiros-VI1 (o rb i t  3085, camera 2) on 14  Jan.  1964. 
Cadre 6 (upper): 0226 hours 4ssp =44.2' N.lat.,  ASSP =139.5' E. 
long. ,  H = 642 h , ~  =34.0', A =2.6'; cadre 8 (median): 0225 h . ,  
$ssp = 46.1' N. la t . ,  hssp= 136.1' E.long., H = 642 km,T = 31.5', 
A = 355.9O; cadre 10 (lower), 0224 h . ,$ssp  = 39.0' N . l a t . ,  Xssp= 
= 133.0' E.long., H = 641 km, T= 29.2',  A = 348.9'. 
Generalizing auxiliary cloud cha r t  according t o  da ta  of photo 4.26 
Photographs by Tiros-VI1 (o rb i t  3172, camera 2) on 20 January 1964. 
Cadre 1 4  (upper) 23 h.37.5 min. $SS = 36.7' N.lat., Assp= 144.2" B. 
long. ,  H = 639 km, T = 27.9', A = 2P0.9'; cadre 16 (lower): 23 h .  
36.5 min.$ssp = 33.9' N.lat.,  ASSP= 141.6' E.long., H = 638 km, 
T = 30.3', A = 264.4". 
Photo 4 .27 .  
Photo 4.28. 
Photo 4.29. Generalizing auxiliary c h a r t  of clouds according t o  da ta  of photos 
of Fig.4.28. 
Photo 4.30. Photograph from Tiros-IV on 9 February 1962 a t  nad i r  angle of 61' 
( i n  the  form of b r igh t  white spots  we may see Michigan lake and its 
adjacent regions) ( a ) ;  and on 1 April  1962 a t  nadi r  angle of 25' 
(b) * 
Photo 4.31. Mosaic cha r t  of the ice  setup f o r  22 Varch 1961, obtained from 
Tiros .  
t h e  band examined, and the  lower one t o  the  eas te rn  p a r t .  
The upper photograph corresponds t o  the  western p a r t  of 
Photo 4.32. Photograph by Tiros-VI i n  the  region of the  Gulf of St.Lawrence 
( o r b i t  3227, Apri l  1963) . 
Photo 4.33. Photograph by Tiros-VI i n  the  S t  Lawrence Gulf region (o rb i t  3241, 
April  1963), obtained two days after the  preceding one. 
Photo 4.34. Photograph by Tiros-VI i n  the  same region under a l a rge  nadi r  angle 
( o r b i t  4334, 1963). 
Photo 4.35. Photographs by Tiros-VI1 on 8 August 1963 ( o r b i t  735, camera 2 ,  
' H = 628 h). a )  cadre 8 ,  03 h.  19.5 min., $ = 49.8' N.lat.,  
= 170.5' E. long., T = 30.1°, A = 87.4°?spb) cadre 6 ,  03 h.20.5 
= 175.1' E.long.,T =33.3', A = 88.1". min., OsSp= 51.8' N. la t . ,  AsSp %sp 
Photo 4.36. - Generalizing auxiliary cha r t  of clouds after da ta  of photo 4.35. 
7. 
Photo 4 . .5 7 . 
Photo 4.38. 
Photo 4.39. 
Photo 4.40. 
Photo 4.41. 
Photo 4.42. - 
Photo 4.43. 
Photo 4.44. 
Photo 4.45. 
Photo 4.46. 
Photo 4.47. 
Photo 4.48. 
Photo 4.49. 
Photo 4.50. 
Photograph of Tiros-VI1 on S August 190.5 (o t* l ) i t  735, I I  = (328 h11); 
a) cadre S, 03 h. 19.5 inin. ,  +ssp  = 49.8" N.lat., Assl, = 170.5" 
E. long.; b) cadre 9, 0320 h., @ssp = 48.7" N.lat., Xs~p = 168.3" 
= 47.5" N.lat., ASS 
cadre 11, 0320 h., $SSP = 46.3" N.lat., Asst: = 164.3" E.long., 
T = 25.6", A = 88.8". (See denotations in C ,2). 
Photograph of Frontal Wave. 
a) photograph of cloudiness, b) sketch showing the cloudiness, 
fronts and air currents. 1) cloudiness, 2) cloudiness with decrea- 
sed reflection capability, 3) land or ocean surface, 4) propagation 
direction of a cyclone, 5) aerial currents in the lower troposphere, 
6) aerial currents in the middle troposphere, 7 aerial currents at 
tropopause level, 8) position of the axis of the altitude trough. 
E.long. T =28.6", A = 87.4"; c) cadre 10, 03 h. 20.5 mm., +ssp - 
= 166.3" E.long., T = 27.1", A = 88,O"; c) 
Formation of a cyclone at occlusion point (photograph of cloudiness 
by Tiros-V on 9 September 1962 at 1520 hours). 
Stage of a young cyclone prior to the beginning of occlusion. 
a) photograph of cloudiness, b) sketch of cloudiness, fronts and 
air currents. 1) cloudiness, 2) land or ocean surface; 3) propa- 
gation direction of a cyclone; 4) air currents in the middle tro- 
posphere; 5) air currents at tropopause level. 
Initial stage of cyclone occlusion. (see denotations in photo 4.38). 
Stage of occluded cyclone (cloudiness is absent in cold air). 
(See all the conditional denotations for this and the next 4 fig. 
in the photo of Fig.4.38). 
Stage of occluded cyclone (convective cloudiness is observed in the 
cold air). 
Stage of an occluded cyclone ( a band of dry cloudless air is ob- 
served around the vortex center). 
Stage of a totally occluded cyclone (beginning of cloudiness' des- 
truction at vortex center). 
Stage of cyclone attenuation and of its filling. 
Photograph from Tiros-VI1 on 29 January 1964 at 0136 hours. 
Photographs of Tiros-VI on 30 January 1964, at 0157 h for the upper 
photograph and at 0020 hours for the lower one. 
Photographs of Tiros-V on 19 April 1963 at 2103 hours. 
Photograph of Tiros-VI1 on 29 January 1964 at 0136 hours. 
8. 
v 
Photo 4 . 5 1 .  Charac te r i s t ic  of cloudiness i n  the t rop ica l  zone and its connect- 
t i o n  with the monsoon trough. a )  photograph of cloudincss with t h c  
fundnmental and secondary cloud bands; b) ana lys i s  of cur ren t  l i n e s  
on the  ground surface f o r  18 August 1961 ( the dark spots  ind ica te  
the  regions of cloud band d ispos i t ion) .  
Photo 4.52. Convective towers i n  the i n i t i a l  s tage  of development of a t rop ica l  
cyclone. 
Photo 4.53. Early s tage of  development of the t rop ica l  cyclone of 15 August 1962. 
Photograph of a t rop ica l  cyclone with a secondary vortex.  Photo 4.54. 
Photo 4.55. Photograph of the 
center  are 31" N.lat and 141'  E.long). 
a t  the center  of t he  photograph. 
typhoon of 18 August 1962 ( the  coordinates of the  
The eye of t he  strom i s  seen 
Photo 4.56. Determination of typhoon's cen ter  by convergence of s p i r a l - l i k e  bands 
of c i r r u s  clouds. 
Photo 4 .57 .  Tropical cyclone Wanda of 29 August 1962 (17' N. la t . ,  127" E.long.). 
The arrow poin ts  a t  t h e  d i r ec t ion  of displacement. 
Same cyclone on 30 August 1962 (20" N.lat . ,  123.6' E.long.) .  The 
arrows poin ts  a t  the  d i r ec t ion  of displacement. 
Photo 4.58. 
Typhoon Ami of  3 September 1962 (20.5"N. l a t . ,  125.5' E.long.). 
The clear circle indicates  t he  zone of high winds and the  arrow 
shows the  d i r ec t ion  of propagation. 
Photo 4,59 
Photo 4.60. Typhoon Jean of 8 November 1962 (14.5' N. la t . ,  114.5' E.long.) .  
The clear circle i n  the  region of the  eye bounded by a dark r i m  
indicates  the  zone of  high winds. 
Photo 4.61. Asymmetrical d i s t r i b u t i o n  of cloudiness i n  the typhoon Opal of 
4 August 1962. 
the  arrow. 
The d i r ec t ion  of cyclone's motion is indicated by 
Photo 4.62. Photograph of cloudiness of the cyclone Daisy on 5 October 1962. 
The bands of cirrus clouds ind ica te  the  d i r ec t ion  of  l i n e s  of cur ren t .  
Photo 4.63. Squall l i n e  of typhoon Daisy on 4 October 1962. 
motion i s  indicated by the  arrow. 
The d i r ec t ion  of 
Photographs of t rop ica l  cyclones i n  various s tages  of t h e i r  develop- 
ment (meant f o r  an independent ana lys i s ) .  
Photo 4.64. 
Photographs of t rop ica l  cyclones with various diameters of cloud 
cover ( f o r  independent ana lys i s ) ;  (a t o  3 )  and a l so  ( M  t o  I . ) .  
Photo 4.65. 
Photographs from Tiros-V. a)  4 Oct.1962 a t  1312 h ;  b) a t  1311 h r s ;  
c )  a t  2220 hours on 1 Dec.1962, d) a t  1830 hours on 5 December 1962 
Photo 4.66. 
9.  
, Photo 4.67. 
Photo 4.68. 
Photo 4.69. 
Photo 4.70. 
Photo 4 .71 .  
Photographs from Tiros-VI (a) and Tiros-VI1 (b, c ,  d) 
a) 1705 hrs  on 15 November 1962; b) 1920 hours on 7 January 1964; 
c )  1740 hours on 23 June 1963; d) 0404 hours on 10 April  1964. 
Photographs from Tiros-VI (a) and Ti'ros-V (b) with superimposed 
a l t i t u d e s  ( i n  km) of the upper limits of clouds according t o  data  
of aircraft  soundings, 
1447 hours on 20 November 1962. 
a )  1358 hours on 20 November 1962; b) 
Photographs from Tiros-VI1 (cadres 1, 3 and 5) a t  2330 hours on 
1 4  January 1962. 
Chart of cloud cover a f t e r  the  data  from Tiros-V a t  1250 hours on 
7 September 1962. 
expressed cyclone, the cloudless regions,  the  l i n e s  of cumulonimbus 
clouds and the zones of fog. 
Clearly seen i n  the photograph are the w e l l  
Photograph of cloudiness from Tiros-V a t  1925 hours on 1 9  Apri l  
1963. 
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